ABSTRACT -The purpose of the present study was to investigate the morphological and quantitative alterations of the myenteric plexus neurons of the stomach of rats with streptozotocin-induced chronic diabetes and compare them to those of non-diabetic animals. Samples from the body of the stomach were used for wholemount preparations stained with NADH-diaphorase and for histological sections stained with hematoxylineosin. It was observed that diabetes cause a significant decrease on the number of neurons.
Diabetes mellitus is a pathological condition in which several physiological abnormalities are observed, such as neuropathies that affect the central nervous system, the peripheral nerves and the autonomic nervous system 1 . Streptozotocin-induced diabetes causes a cycle of events in the nerve cells of the myenteric plexus that begins within one to three days, with the development of chromatolysis followed by regenerative changes over the next six weeks, with some continuous, albeit occasional, ganglionic degeneration 2 ; changes in the innervation of the ileum and colon 3 are reported, as well as a decrease on the neuronal activity 4 . Studies on streptozotocininduced diabetic rats have emphasized the alterations that occur in the small and large intestines. However, it should be remembered that alterations in the neurons of the myenteric plexus, in addition to changing intestinal peristalsis, can affect stomach motility, leading to dilation and retarded gastric emptying, interfering with the coordination between stomach and duodenum and impairing the digestive process 5 . In a diabetic ketonuric Chinese hamsters examination of the gastrointestinal tract was observed that the animals had distention and atony of the stomach and intestines when compared with control animals 6 . In humans, among the clinical manifestations of autonomic neuropathy, there is motor impairment of the stomach, which can lead to anorexia, nausea, vomiting and persisting fullness, characterizing gastric debilitation 1, 5 . It is also noteworthy that diabetic gastric atony is similar to that observed after vagotomy 5 . Considering the extensive development of the myenteric plexus and its importance for the control of gastric and intestinal functions, and suspecting that diabetes may affect these neurons, in this way contributing to the gastric disturbances, we undertook the present study to determine the effects of streptozotocin-induced diabetes mellitus on the quan-titative aspects of the neurons of the myenteric plexus of the rat stomach.
METHOD
The study was conducted on 12 male rats (Rattus norvegicus), Wistar strain, aged 75 days and weighing about 250 g, from the Central Animal House of the State University of Maringá. The animals were maintained in accordance with the guidelines of the Committee on Care and Use of Laboratory Animals of the National Research Council of the NIH 7 . The selected animals were divided into two groups: D2 -5 animals sacrificed two months after diabetes induction, and C2 -7 non-diabetic animals used as control. After being fasted for 14 hours in metabolic cages, each animal in group D2 received a single intravenous injection of 35 mg/kg of streptozotocin.
On the day of the experiment, the animals were anesthetized with ethyl ether and subjected to laparotomy. A blood sample was obtained from the inferior vena cava and the stomach was removed. The diabetic condition was confirmed by the glucose oxidase method.
Quantitative study of myenteric plexus neurons
The stomachs of five animals from each group were washed in Krebs solution and next filled with the same solution with a catheter inserted through the pylorus. Then they were subjected to whole-mount preparations stained by the NADH-diaphorase method 8 . Stomach segments from two animals in group C2 were subjected to routine histological techniques and stained with hematoxylin-eosin.
After staining with NADH-diaphorase the stomachs were opened and the regions of the fundus, corpus, pyloric antrus, and small and large curvatures were identified. Next, a 1-cm sample of the corpus was removed. The sample ran from the small to the large gastric curvature. The samples were microdissected under a stereomicroscope, dehydrated in alcohol, cleared with xylene and placed between slides with synthetic resin (permount). Each of these samples was divided into three regions, and the neurons of the third near the small gastric curvature and of the third near the large gastric curvature were counted. The neurons of the intermediary third were not counted. Counts were carried out on five animals from each group. In each animal, 20 microscopic fields per region were counted, for a total of 40 fields per animal, using a microscope equipped with a 20x objective lens. The half-neurons in a given field were considered and those of the subsequent field were discarded, alternately. The area of each field was 0.58 mm 2 , corresponding to a total area of 11.6 mm 2 per region. The material was photographed with an Olympus Bx50 microscope fitted with PM10 AK photography equipment.
Statistical analysis
We calculated the mean, standard error and coefficient of variation of the number of neurons found in each group, i.e., 100 fields per group on the small gastric curvature and 100 fields per group on the large gastric curvature. Student t-test was applied to compare the difference between means, with the level of significance set at 5%.
RESULTS
When the catheter was introduced through the pylorus for injection of Krebs solution, a smaller resistance was observed in the diabetic animals than in the controls, suggesting a reduction of muscle tonus and pyloric dilation.
Histological sections from the corpus of the stomach of diabetic and control rats showed that the neurons of the myenteric plexus were predominantly found in ganglia located between the circular and the longitudinal layers of the muscular tunica (Fig  1) . These ganglia were organized in networks spread all over the region under study (Figs 2, 3, 4 and 5) . When comparing the observations made on the small gastric curvature (Figs 2 and 4) with those near the large gastric curvature (Figs 3 and 5) we observed that the ganglia were more numerous and had more neurons near the former. The nucleus was generally eccentric, and few neurons with a central nucleus were present.
In the control group we counted 7854±917 neurons/11.6 mm 2 near the small gastric curvature and 1664±358/11.6 mm 2 near the large gastric curvature, as opposed to 5269±390 neurons/11.6 mm 2 and 1279± 334/11.6 mm 2 for the diabetic group, respectively. Student t-test showed a significant difference in the mean number of neurons on the small gastric curvature between the two groups, with t = 5.8 (critical value = 2.31, p = 0.007319). On the large gastric curvature this difference did not attain significance at the 5% level, with t = 1.76 (critical value = 2.31, p = 0.008835). the absence of a significant difference in mean neuronal number for the large gastric curvature is related to the smaller density of neurons and the larger heterogeneity of their distribution when compared with the small gastric curvature; nevertheless, there was an undeniable neuronal decrease in the corpus of the stomach of diabetic rats. Some authors 11, 12 observed a neuronal decrease in the cecum and duodenum, respectively, of rats with streptozotocininduced diabetes. Conversely, other authors 9 did not find a reduction in neuron number in the proximal colon of rats under the same experimental conditions. Such divergences have been explained by authors 13 who stated that streptozotocin-induced diabetes has a differential effect on the various rats intestinal regions, with the distal colon being the last to be affected. 
DISCUSSION
The present results demonstrate that streptozotocin-induced diabetes does not interfere with the clustering of the neurons in ganglia in the myenteric plexus of the stomach of rats, since the ganglia of diabetic animals showed characteristics similar to those of the control animals and to those described by other authors 9, 10 . Nevertheless, we observed that the myenteric ganglia of diabetic animals generally were of smaller dimensions, a fact possibly related to the reduction of the total number of neurons. When analyzing the mean neuronal density of the corpus of the stomach near the small gastric curvature, we observed a statistically significant decrease in neuron number, whereas the decrease observed near the large gastric curvature was not statistically significant. Possibly Table 1 . Neuron incidence found in control and diabetic group animals in a 11.6 mm 2 area in the small and large curvature. Given that the neurons of the myenteric plexus, among other functions, control gastric motility and the muscular tonus of the stomach, we may assume that their decreased density in diabetic animals is one of the major causes of the abnormal gastric motility, distention and gastric atony observed in diabetic hamsters 6 and of the gastric stasis observed in humans 5 . Radiological evidence of gastric retention has been reported for diabetic humans and was found to be related to diabetic autonomic neuropathy 14 . Disturbances of the motor activity of the intestine of diabetic rats were also reported 15 . The cited authors attribute these manifestations to the decreased density of myenteric neurons.
The loss of myenteric neurons, either sensory or motor, implies the reduction of innervation, altering the local control of sensitivity and motility.
The literature demonstrates that, in addition to the alterations of innervation related to the enteric neurons and their nerve fibers, there are alterations in the nerve fibers from other levels, such as paraand pre-vertebral ganglia and the central nervous system itself, since the metabolic alterations caused by diabetes lead to hyperglycemia, increasing the intracellular levels of glucose in insulin-independent tissues, including neurons and blood vessels. The excess glucose on the myelin sheath increases the production of fructose as a consequence of the increase in the amount of sorbitol, resulting in edema and rupture of the sheath and interrupting the conduction of nerve impulses 16, 17 .
Research has provided evidence that the reduction of myoinositol results in reduced phosphoinositide metabolism, decreasing diacylglycerol and consequently decreasing the activation of protein kinase C and the membrane excitability of the nerve cells by altering Na + /K + ATPase activity 17, 18, 19 ; the resulting excess of intracellular Na + could then lead to cellular edema, rupture of the myelin sheath and interruption of nerve conductance.
Possibly the interruption of nerve conductance can often be the reason why the gastric alterations of diabetes are asymptomatic. It has been commented that atony, distention and gastric emptying are generally asymptomatic because of a possible denervation of afferent sensory fibers 20 . Other authors argue that when the symptoms are present they include anorexia, nausea, vomiting and persistent fullness 1, 5 .
In the present study we observed pyloric distention in diabetic animals, as also reported by other authors 14, 21 . These authors report that the investigation with conventional food in association with barium reveals dilation of the stomach, with impaired peristalsis and delayed gastric emptying in spite of the pyloric distention.
Possibly the reduced peristalsis, delayed gastric emptying and pyloric distention have as a common cause the damage to the smooth muscle innervation of the stomach wall related to the loss of myenteric neurons and their fibers (intrinsic innervation) and the degeneration of nerve fibers of extrinsic origin, both of them as a consequence of diabetes.
Based on the observations on the myenteric plexus of the corpus of the stomach of rats, we conclude that in streptozotocin-induced diabetes animals the number of neurons is reduced to a significant extent on the small gastric curvature.
